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This paper provides an overview of motorization trends of the highway system in Taiwan in the past 15 years. The high growth 
of motor vehicles and road length had caused trafﬁc congestion, environmental pollution, and energy consumption. To meet the needs 
of sustainable transport, the development policies of highways should shift towards the enhancement of transportation management 
and maintenance, the concern of disadvantaged people and areas, the introduction of advanced technology, and the application of 
eco-technology in infrastructures.
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1. INTRODUCTION
Taiwan is divided into the eastern and western areas 
by the Central Mountain Range, which stretches along 
the entire island from the north to the south. By the end 
of 2006, the total population was about 22.79 million, the 
average density was approximately 633 people per square 
kilometer, and over 90% was concentrated in the west. 
The population densities of the northern, center and 
southern parts of the western area of Taiwan are respec-
tively 1,366,545 and 644 people per square kilometer, 
which are much more than that of the eastern area (71 
people per square kilometer). Details concerning the dis-
tribution of the population density of various areas are 
shown in Figure 11, 2. The top three metropolises in Tai-
wan are Taipei, Kaohsiung and Taichung located in the 
northern, southern and central regions respectively.
Because of the geographical limitations, over 90% 
of roads are located in the western area of the island. 
From 1991 to 2006, the average growth rate of the total 
length of roads was about 2.17% per year while that of 
registered vehicles was about 4.4% per year3. The higher 
growth rate of motor vehicle has caused trafﬁc conges-
tion in dense population areas of western Taiwan, and 
consumed more energy and produced pollution. This pa-
per presents the development of the surface transporta-
tion system in the past 15 years, and discusses the current 
and future challenges of highway development.
2. THE SOCIAL ECONOMIC STATUS
2.1 Population and economic growth
Table 14 shows the population and economic indi-
cators of different stages. By the end of 2006, the total 
population was about 22.79 million, and the average den-
sity was around 633 people/square kilometer. The aver-
age growth rates of total population and per capita income 
GNP are 0.68% and 4% respectively. The population and 
Fig. 1 Distribution of population density in Taiwan
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economic grow has stabilized in the past two years.
2.2 Vehicle growth
Figure 23 shows the growth of registered vehicles 
and vehicle ownership. The total number of registered 
vehicles increased from 10.61 million in 1991 to 20.25 
million in 2006, and the annual average growth rate was 
around 4.4%. The growth rates of passenger car and mo-
torcycle are 5.51% and 4.09% respectively. From 1991 to 
2006, the vehicle ownership of passenger cars and motor-
cycles were respectively growing from 124 to 249 pas-
senger cars per thousand people, and from 360 to 593 
Table 1  Population and economic growth in Taiwan
Year
Item 1991 2000 2005 2006
Population (million)
Population Density (persons/km2)
Per Capita GNP (in US$)
Economic Growth Rate (%)
20.6
571
9,222
5.1
22.2
617
14,721
5.8
22.69
630
16,067
4.1
22.79
633
16,471
4.7
Fig. 2 Number of registered vehicles and vehicle ownership in Taiwan
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motorcycles per thousand people. However, the growth 
rate in 2006 was below the annual averaged growth rate 
of the past 15 years, which indicated the tendency of a 
slow down in growth of vehicles.
3. DEVELOPMENT OF INFRASTRUCTURE
The surface transportation system of Taiwan in-
cludes railway and road systems. The railway system in-
cludes: (1) a traditional railway system (TRA system), 
which is 1,118 kilometers in total route length and 218 
stations around the entire island, (2) a high-speed railway 
system (HSR system) that started operational service at 
the beginning of 2007, which is 345 kilometers in route 
length and 12 stations along the western transportation 
corridor of Taiwan. The road system includes: (1) inter-
city highway system, which is 21,224 kilometers in 
length, and (2) a city roadway system, which is 18,062 
kilometers in length and distributed over the entire island. 
Because of the geographical limitations, over 90% of 
roads are located in western Taiwan3.
The total length of the road system increased from 
28,473 kilometers in 1991 to 39,286 kilometers in 2006, 
and the annual growth rate was 2.17%. During the same 
period, the density of road system increased from 827 
meters per square kilometer to 1,091 meters per square 
kilometer. The freeway and expressway system in west-
ern Taiwan has extended its network from only one free-
way to two freeways and twelve intercity expressways. 
These twelve expressways connect two parallel freeways 
from north to south (see Fig. 3). By the end of 2006, the 
total length of freeways and expressways, including the 
eastern Taipei-Yilan freeway, reached 1,414 kilometers. 
‘Whether the freeway from Yilan to Hwalien in the moun-
tain area along the eastern Taiwan should be construct-
ed?’ is still under debate. The debating issues focus on 
the conﬂict between environment conservation and eco-
nomic development in eastern Taiwan.
In term of the accessibility and mobility of the free-
way/expressway system and railway system, the cover-
age of the service population for railway and road systems 
are from 54.4% of the total population in 1991 to 67.3% 
in 2007 (see Fig. 4), and from 78.1% in 1991 to 90.2% in 
2007 (see Fig. 5) respectively. This high service coverage 
implies that 90% of the population in Taiwan, who live in 
the western and north-eastern Taiwan, can access the in-
terchanges of freeways in half an hour. In addition, the 
average travel speeds from various local central cities or 
towns to their regional central cities has increased from 
52 kph to 62 kph5, and the travel time has decreased by 
18%. The improvement of the freeway/expressway sys-
tem indicates that the development of the main surface 
1991 2006
(a) One freeway (b) Two freeways and 12 connecting expressways
Fig. 3 Development of freeway and intercity expressway systems
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Fig. 4 Change of railway system service area
1991 2007
Fig. 5 Change of freeway system service area
1991 2007
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transportation infrastructure may have been sufﬁcient to 
meet the transportation needs of most people in Taiwan.
4. UNBALANCED SUPPLY AND DEMAND 
Compared with the growth rate of road length 
(2.17% per year), the growth rate of vehicles (4.4% per 
year) has been higher in the past 15 years (see Fig. 6). 
During the same period, the total length on freeways in-
creased from 382 kilometers to 954 kilometers with an 
annual growth rate of 6.29% while the vehicles passing 
toll stations of freeways increased from 295.62 million 
vehicles to 574.71 million vehicles with an annual growth 
rate of 4.53%, as shown in Figure 73. It can seen from 
Figure 7 that both are showing an increasing trend, and 
after freeway expanded, vehicles increased rapidly in the 
short-term. That indicates the improvement of freeway 
could result in an increase of vehicles on freeways.
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Fig. 6 Growth of vehicles and road length in the past 15 years
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Fig. 7 Vehicles and length of freeway in the past 15 years
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Figure 86 presents the level of service, trafﬁc vol-
ume/road capacity (V/C), of the road transportation sys-
tem in 1991 and 2006. It is found from Figure 8 that the 
level of service of north, south and central metropolitan 
areas in western Taiwan were not acceptable in 1991. 
However, the level of service of the road transportation 
system has been improved signiﬁcantly except for some 
parts of north and south metropolitan areas. In addition, 
the level of service of the road transportation system in 
eastern Taiwan is usually good because of less travel de-
mand.
5. ENERGY CONSUMPTION
In Taiwan, the energy consumption of the transpor-
tation sector has increased 1.9 times in the past 15 years 
from 836 million oil litre equivalents in 1991 to 1,667 
million oil litre equivalents in 2006. The energy con-
sumption of the transportation sector accounted for 15% 
of the total consumption in Taiwan, and was the only sec-
tor less than that of the industrial sector.
Figure 97 displays the percentages of energy con-
sumption of air, railway and highway systems of interior 
transportation. The share of energy consumption of  the 
highway system ranks the highest, 82%, that of air sys-
tem is the second, and that of the railway systems is the 
lowest. Figure 10 shows the oil consumption litre equiva-
lent per kilometer of air, railway and highway systems 
for the past three years. The ﬁgure indicates that the en-
ergy consumption efﬁciency of the railway system is the 
best, and that of the air system is the worst.
6. DISCUSSION AND CHALLENGES
The ﬁrst freeway of Taiwan was opened in 1978, 
which rapidly facilitated local development along the 
freeway and strengthened the growth of national econo-
my. Table 1 shows that the population has increased by 
10%, and per capita income GNP, has increased from 
US$9,222 to US$16,471, an 80% growth. It can be ex-
pected that the impacts of freeway / expressway improve-
ments in western and northeastern Taiwan in the next 
stage on local and economy development would be sig-
niﬁcant based on previous experience. However, the con-
struction of the highway system has tended to become 
saturated, which not only encouraged more vehicles but 
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Fig. 8 Level of service of road transportation system
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also brought about huge energy consumption. In addi-
tion, due to the difﬁculty of government ﬁnancial re-
sources, the Ministry of Transportation has reviewed 
the policy of highway development in order to meet the 
objectives of sustainable transportation. The policy di-
rections include: (1) shift “hardware construction” to 
“enhancement of transportation management and main-
tenance”, and (2) introduce the concept of eco-technol-
ogy into infrastructure. The policy issues and challenges 
can be discussed as follows:
(1) Do we need to build more highways?
 About 90% of the populations living in western and 
northeastern Taiwan can access freeways or express-
ways in half an hour. This convenience of highway 
usage has apparently encouraged and increased the 
growth of vehicles, which contradicts our sustainable 
transportation policy. Therefore, we have to consider 
deliberately if large-scale freeway construction proj-
ects should be continuously enlarged.
(2) How to maintain existing highways through a Main-
tenance Management System?
 Since new highway infrastructure was the focus of 
government efforts in the past, the maintenance of 
existing highways has often been neglected. To sus-
tain the life of a highway, how to manage and main-
tain the highway system has become an important 
issue in Taiwan. The Maintenance Management Sys-
tem includes the areas of maintaining pavements, 
bridges, trafﬁc control systems, tollgate management 
and a monitoring management system etc.
(3) Do we need to improve highways in remote areas, 
especially mountainous roads? 
 Based on social equity, the government used to pro-
vide highways in remote, rural or mountainous areas 
(such as in eastern areas) in the past where the popu-
lation densities are too low to justify the need for a 
highway system. However, most of these highways 
are located in high environmentally sensitivite areas, 
which are often destroyed by typhoons and need fre-
quent repairs. There is a dilemma between the high 
repaircosts and the basic needs for disadvantaged 
people. The emergent issue whether the government 
should build the Shuhua freeway in eastern Taiwan, 
which contains a series of long bridges and tunnels in 
the mountainous areas.
(4) How to incorporate ITS (Intelligent Transportation 
System) in highway design.
 ITS has been discussed and used in many places. 
However, it was often applied after the construction 
of highways, that is, the operation period of the high-
way system8. How to apply ITS in the planning and 
design period is important for saving the installation 
costs of ITS and running ITS efﬁciently. 
(5) How to promote Eco-technology in highway engi-
neering?
 The method of highway construction was criticized 
for not being eco-oriented, and had negative impacts 
on the ecological environment9. To meet the objec-
tive of sustainable development, how to use Eco-
technology to secure the environment and people’s 
lives is the challenging task for highway construc-
tion.
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7. CONCLUDING REMARKS
The development of highways has reached a new 
era. We should pay much attention on maintenance man-
agement and the usage of ITS rather than the construc-
tion of new highways. The environmentally-friendly and 
social equity consideration should be given a higher pri-
ority.
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